I n t r o d u c t i o n : For several years ~i 2 + and C O~' doped systems have been studied f o r I R tunable s o l i d s t a t e l a s e r applications. The greater p a r t o f the works concerns m a t e r i a l s only w i t h a well defined doping i o n concentration, and the behaviour o f r a d i a t i v e and non r a d i a t i v e t r a n s i t i o n s i s r a r e l y i n v e s t i g a t e d i n
comparison w i t h the I.R. l a s e r emission, a1 though l a t t i c e v i b r a t i o n s have opposit e r o l e s i n the frequency t u n a b i l i t y and emission i n t e n s i t y .
I n t h i s study we have examined a few well-known l a s e r m a t e r i a l s as Mg F2 :
Ni2+ . M F : co2+ . K Zn F . ~i~+ ; K Zn F3 : co2+ and a new compound f o r I R tunabfe : Mg ~1 ' 0, : ~1~' .
Informations are obtained concerning temperatur e and concentration ? i m i t a t i o n s b u t also on non r a d i a t i v e t r a n s i t i o n s .
Results

Quaotum-eff iciensies-~nd-i~nz~c~oc5:nt r a t i~n
Absorption and luminescence spectra o f Ni 2 and C O~' doped f l u o r i d e s are c o n s i s t e n t w i t h preceding works 111 121 131 [ 4 ] 151 [ 6 ] 171. For Mg A12 O4 : Ni2+ absorption and $mission spectra are given i n f i g . 1. The absorption spectrum o f Mg A12 o4 : N12 i s s i m i l a r t o the absorption spectra o f Ni2+ ions i n octahedral s i t e s i n other materials 8 1 16 17 and i s not consistent w i t h the spectrum o f ~i 2 ' ions i n tetrahedral s\tes [J1. 2s i n the case o f Mg 0 : NI~' 1101 and L i Ga5 0 : ~i~+ 181, the absorption spectrum o f Mg A1 0 Ni i s dominated by three sjin-allowed broad band t r a n s i t i o n s . These are 3~, 4 ( i~) + 3T (3P) i n the deep blue, 3A2 (3F) + 3T1 (3F) i n the red and 3A2 (3F) + 3T2 (3F) j n the near i n f r ared. The r e l a t i v e p o s i t i o n s o f these three bands allow one t o evaluate the crys- IR fluoqescence l i f e t i m e s i n N i 2 + and Co3 doped matrices.
The I R emission o f i n t e r e s t f o r p o s s i b l e l a s e r o p e r a t i o n and which i s a t t r i b u t e d t o t h e v i b r o n i c t r a n s i t i o n 3T ( 3 F ) + 3A (3F), extends from 1.1 t o 1.5 pm w i t h a peak a t about 1.26 p. No c12ear s t r u c t d r e i s observed i n t h e IR emission shape.
This i s opposite t o Mg 0 : ~i 2 + 1121 1101 and Mg F : N i 2 + 121 f o r which sharp zero-phonon l i n e s are observed a t low temperature 2s w e l l as s t r u c t u r e i n t h e v i b r a t i o n n a l sidebands. This c o n f i r m s t h a t t h e electron-phonon c o u p l i n g i s very s t r o n g i n Mg A1 0 . ~i 2 + .
The decrease in? 1k i i f e t i m e s temperature found i n Mg A1, O4 : Ni2+, ~g F, :
Co2+ and K Zn F3 : co2+ i n d i c a t e s t h a t non r a d i a t i v e d e s e x c i t a t i o n processes a r e i m p o r t a n t even a t low temperatures i n these m a t e r i a l s (Fig. 2) . This hypothesis i s strengthened by measuring t h e quantum e f f i c i e n c i e s o f t h e I R t r a n s i t i o n s a t room temperature w i t h an i n t e g r a t i n g sphere and by comparing the m a t e r i a l s t o each o t h e r as g i v e n i n t a b l e I. Now i f one l o o k s a t f i g . 2 when n i c k e l concent r a t i o n i s increased from 2 % t o 10 % i n Mg F then t h e IR l i f e t i m e , a t 80 K f o r instance, i s reduced by 7.5 %. I n Mg Fq : CO*, a c o b a l t c o n c e n t r a t i o n i n c r e a s e from 1.5 % t o 5.3 % induces an I R l i f e t i m e v a r i a t i o n o f 72 % a t 80 K. I n c o n t r a s t when c o b a l t c o n c e n t r a t i o n i n K Zn F increases from .8 t o 2.2 %, t h e IR l i f e t i m e remains unchanged a t any temperatur$. As f o r Mg A1 0 : Ni2+, o n l y one sample was studied. From these experimental f a c t s , i t i s Zonhuded t h a t Mg F : ~i 2 + l a s e r c r y s t a l may be used w i t h h i g h e r n i c k e l c o n c e n t r a t i o n (-5 %), a t 6 K, than u s u a l l y considered [ 1 2 ] w i t h o u t h a v i n g an i m p o r t a n t s e l f -quenching. However i n K Zn F 3 : Co2+ and i n Mg F : co2+, c o b a l t c o n c e n t r a t i o n has t o be weaker than 2 % o t h e r w i s e non r a d i a t i v e e+fects a r e dominating.
F o r each compounds, t h e non r a d i a t i v e decay r a t e (Wnr) has been determined as a f u n c t i o n o f t e m p e r a t u r e by Wnr = l / z F ( T ) -l / . c o where r F ( T ) i s t h e t o t a l I R f l u o r e s c e n c e l i f e t i m e a t t e m p e r a t u r e T and z0 i s t h e r a d i a t i v e l i f e t i m e . TO i s o b t a i n e d by measuring t h e IR quantum e f f i c i e n c y a t room' temperature as above m e n t i o n e d . T 
o has been v e r i f i e d t o be temperature independant s i n c e i n t e g r a t e d a b s o r p t i o n o f t h e v i b r o n i c a b s o r p t i o n i s about c o n s t a n t w i t h temperature : v ib r o n i c bands do n o t c o n t a i n v i b r a t i o n f o r c e d e l e c t r i c -d i p o l e t r a n s i t i o n s . On t h e F i g . 3 : Phonon d e n s i t y o f s t a t e s g(w)
f o r Mg FZ, from 1151. Energies and coup l i n g f a c t o r s o f t h e phonon modes f o r mu1 tiphonon n o n -r a d i a t i v e desexci t a t i o n o f ~i 2 + and ~0 2 ' . (Table I ). I n s p i t e o f these f l u c t u a t i o n s these parameters are s i m i l a r t o ones given i n o t h e r works (Mg 0 : ~i 2 + , h , = 308 cm-1, N = 26 [LO] ; LiGa508 : ~i 2+, hw = 250 cm-l, N = 25 481.
b a s i s o f a s i n g l e frequency (o) model, t h e t r a n s i t i o n p r o b a b i l i t y thermal behav i o u r f o r multiphonon non r a d i a t i v e d e s e x c i t a t i o n can be w r i t t e n
= AE, AE i s t h e energy gap, namely t h e energy d i f f e r e n c e between t h e l o w e s t s p i n -o r b i t l e v e l i n t h e f i r s t e x c i t e d s t a t e and t h e h i g h e s t s p i n -o r b i t l e v e l i n t h e fundamental s t a t e . There i s always a good agreement between t h e t h e o r e t i c a l curves and t h e measured values o f decay rates. Phonon energies d e t e rmined i n t h i s way, correspond t o m x i m a o f t h e phonon s t a t e s d e n s i t y curves f o r Mg F Z m a t r i c e s . For a l l m a t e r i a l s s t u d i e d here, t h e number o f phonons i n v o l v e d i n t h e non r a d i a t i v e processes i s between 20 and 30 w i t h energies v a r y i n g from 200 t o 400 cm-l w i t h very v a r i o u s c o u p l i n g f a c t o r s
It must be noted i n f i g . 3 t h a t phonon e n e r g i e s f o r non r a d i a t i v e mu1 iphonon processes remain near average l a t t i c e energy.
I n Mg A12 O, , : N i 2 + we have n o t a t hand any s t a t e s d e n s i t y curves b u t t h e v a l u e (409 cm 1 ) i s no doubt much lower than t h e c u t -o f f frequency i n an oxyde ( u s u a l l y 600 cm-1).
Another i m p o r t a n t f a c t has t o be n o t i c e d ; i t i s t h e apparent v a r i a t i o n o f t h e c o u p l i n g f a c t o r S, as a f u n c t i o n o f c o n c e n t r a t i o n . T h i s e f f e c t o f concentrat i o n s e n s i t i v e electron-phonon c o u p l i n g was a l r e a d y n o t i c e d f o r r a d i a t i v e t r a n s it i o n s 1141. However, f o r r a d i a t i v e t r a n s i t i o n s , i t i s d i f f i c u l t t o a v o i d complet e l y any r e a b s o r p t i o n on t h e o-phonon l i n e a t h i g h e r c o n c e n t r a t i o n and c o u p l i n g parameter determined from s i d e bands t o 0-phonon i n t e n s i t y may c o n t a i n some e rr o r s . Here f o r t h e f i r s t time an analogous phenomena i s observed i n a i n o r g a n i c m a t e r i a l d i r e c l t y f o r n o n -r a d i a t i v e t r a n s i t i o n s so w i t h o u t such u n c e r t a i n t y . L u m i n e s c e n t and a b s o r p t i o n experiments have been c a r r i e d o u t on many N i 2 + and ~0 2 ' doped systems. Among these m a t e r i a l s , Mg A1 -0,. : ~i 2+ i s a new compound f o r t u n a b l e l a s e r a p p l i c a t i o n s . U n f o r t u n a t e l y non r a j l a t~v e desexci t a t i o n processes i n Mg A1 0 : ~i 2+ are dominating even a t low temperature ( q = 10 %, Wnr(o) = 570 sec-1 g t b 0 K) which w i l l reduce c o n s i d e r a b l y t h e l a s e r c a p a b i l i t i e s o f t h i s m a t e r i a l . So, though b e i n g o f i n t e r e s t f o r t h e wavelength domain covered by i t s i n f r a r e d emission (1.1 , , m , m; .
, : 1.5 , , m) , Mg A12 0, : Ni2+ does n o t seem i n t h e l o n g r u n t o be a very good l a s e r candidate. The I R f l u o r e s c e n c e l i f e t i m e self-quenching a l l o w e d us t o d e f i n e concentrat i o n l i m i t s f o r n i c k e l ( = 5 %) and c o b a l t ( = 1 % t o 2 %) i n Mg F and K Zn F .
Beyond these l i m i t s t h e q u a l i t y o f t h e l a s e r emission w i l l be c e r t a 3 n l y cornprom?-sed.
The dependence o f t h e e l ectron-phonon coup1 i ng as f u n c t i o n o f t h e concent r a t i o n i s n o t q u i t e understood, a c t u a l l y t h i s e f f e c t and i t s o r i g i n s and consequences a r e under i n v e s t i g a t i o n . As i n 1141 t h i s phenomena should be considered as a new self-quenching process t o be taken i n t o account when d i r e c t resonnant o r phonon a s s i s t e d energy t r a n s f e r s c r o s s r e l a x a t i o n do n o t e x i s t .
However from 1141 t h e a b s o l u t e v a l u e o f Wnr(T) should i n c r e a s e much more than i t i s observed when t h e S c o u p l i n g f a c t o r increases even s l i g h t l y because a f a c t o r S/ i s hidden i n Wnr(0).
